
























































































































































a'0 Q70 Q ?:\+;%L2{<DCE;%Fi;Y:?|D6eM<=6Jq]xCEBD_KBO0O0P0O090O09090O090O0P0O09090O090O090P0O090O090O090Â%b
a'0 Q70 Q7021 3r6MGhd|6MAUT<D{A=6l<DAD{7eM<D{A=69;Y:toA=;vwFH]^v5TAyYZ]^CEB=_KBO0O090P0O090O090O090Âö
a'0 Q70 Q70R/ ]^CEB=_nlC26B090O09090O0P0O090O09090O090O0P0O09090O090O090P0O090O090O090Â%
a'0 Q70 Q70Rb ?:\+;%L2{<DCE;%Fi;Y<D476ﬃl{AyYgT%e69]6MF7BDC2<@fn8:A=;¿7LE6¾090O090O090P0O090O090O090¬'1
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v2 = (−→v ,−→v ) = 1
r2












































u1 −u2 −u3 u4
u2 u1 −u4 −u3
u3 u4 u1 u2































L(−→u ) CEBw<D4769d;BDC2<DCE;%Fk\+6eM<=;%A −→u 0
Q70wý¶476MFq<vu;I\+6eM<=;%A=B −→u ,−→v BUT<DCEByY°f<D4769zC2L2C2F76TAA=6ML~T<DCE;%F
u4v1 − u3v2 + u2v3 − u1v4 = 0
<D476MF
L(−→u )−→v = L(−→v )−→u .
SA=;%Gì<D476BU6OdA=;%d6MAD<DCE6B"C2<5Y°;%L2LE;vB<D4#T<



















−→u ” + hk
2
−→u = 0 . Úb'021MQÜ
35476B=6ﬃA=6MV{L~TADC26JX6èW{#T<DCE;%F7B;Y©GI;%<DCE;%FH<D476MFjF766Jk<=;z|6T%ee;%Ghd#TFCE6Jjzfq<D476ﬃ6è{#T<DCE;%FHY°;%A^<D476
d4Wf'BDCEeTL}<DC2GI69<=;he;%GhdLE6M<=6ML2fqJ6M<=6MADGhC2F769<D4769B=;%L2{<DCE;%F
t′ = (−→u ,−→u ) . Úb'021a+Ü
@Yvo6TLEB=;e;%F7BDCEJ6MA^6¯'<=6MADF#TLrd|6MAD<D{ADz#T<DCE;%F7BÛ60 V70ud|6MAD<D{ADz#T<DCE;%F7Bx;YZTI<D4C2A=Jqz|;J'f+Û7<D4769ADC2V4W<^4#TF7J
BDCEJ6O;Y:6èW{#T<DCE;%FHb'021MQICEBwF7;hLE;%FV+6MA6MA=;TF7Jq6èW{#T<DCE;%FHb'021Jöz6e;%GI6BC2F7BD<=6T%J





































































































|−→ri −−→rj | = T − U
¦ø98ø=¶û§
¡ùÁõy§}¢¶ö"¢K;ûf§}ôxö"ùS¯ô"¡ùMo  1a












1, 2, ..., N
TLE;%FVh<D476Oe=4#TC2FkT%BwB=47;vwFnC2FnSC2V70Zb'0210Z35476xF76¯K<wBD<=6MdﬁCEB5<=;hT%J;%d<w<D476F76Mv)eTF7;%FCEeTL
e;K;%A=J'C2F#T<=6B
~R1 = ~r2 − ~r1,



























W k−1 − ~pk , (k = 2, ..., N − 2) Úb'021+Ü
vwC2<D4
−→

































Rij = |~rj − ~ri| =







































































































































































































~rij = |~ri − ~rj | Y°;%A i 6= j TF7J i, j =

































































































































































































































































































































































































































































































































































































































































































M = M˙ · t+M0 TF7J M˙ = const. vu6^;%z<UTC2F<D476w¿7F#TL6MF76MADVfI6è{#T<DCE;%FIY;%A©;%{A©GI;KJ6ML
vwC2<D4iT%eeMA=6M<DCE;%FH;YVWT%B"T<wA=6B=<






































































































































































































































































x = −0.5, y = 0 TF7J x = 0.5, y = 0 035476d;BDC2<DCE;%F&;Yo<D476<D4C2A=J
z|;J'fHCEBOAUTF7J;%GhL2fXe=47;B=6MF·vwC2<D4C2F·TﬁA=6MVCE;%F&L2fKC2FVqC2FX<D476hd|;BDC2<DC2\+6Iè{#T%J'AUTFW<TF7J&6MGPzAUT%e6JÝzWf&T
{FC2<"eMC2A=eMLE6PTA=;%{F7Jq<D476Od;%C2F<







































































7 · d0 vwC2<D4 d0 z|6MC2FVn<D476C2FC2<DC~TL©GI6TFX4#TADGI;%FCEeJ'CEBD<UTF7e60
x6MF7e6ﬃ;%{AxeMLE;%{7JkAUT%J'C2{7Bx4#T%B^<=;Iz|69L~TADV+6MAx<D4#TF
































































































































































































1 (dM/dt)RC; gas at rest
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1 (dM/dt)RC; gas at rest
2 (dM/dt)RC; gas at rest
5 (dM/dt)RC; gas at rest
èêéÅë
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1 (dM/dt)RC; gas at rest





























2 km · s−1 Û<D476Mf9BD47;%{LEJﬃ6T%B=C2L2f6BUeTd6©<D476MC2ABD<=6ML2L~TAzC2AD<D4ﬃeML2{7BD<=6MACÀY7<D4CEB
eML2{7BD<=6MA:4#T%BZTxLE;vu6MA©6B=eTd|65\+6MLE;KeMC2<@f<D4#TFh<D476w3T{AD{7BZeML2{7BD<=6MA:vwC2<D4
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1 (dM/dt)RC; gas at rest
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Bouy et al. (2003); volume-limited

























































































































































[(M˙/M0) · t]5 TF7J
Û5T%B=BD{GhC2FVXVWT%BC2Fﬀ6¯'<DA=6MGI6ﬁGI;%<DCE;%F}ÛuC2<hCEBdA=;%d;%AD<DCE;%F#TL<=; [(M˙/M0) · t]3
vw4C2LE6<D476<DC2GI6hJ6Md6MF7J6MF7e6{F7J6MAO<D476
R = const.






















 Ù#þÔö þ Ï Ô0øé×}ù´Õ ÷ùøRýïØﬁû[ý¾Õ
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x − y >gdL~TF76nTF7JÝ<vu;Hz;KJ'CE6BTA=6TL2voTfKBdL~T%e6J
T<
x = −0.5, y = 0 TF7J x = 0.5, y = 0 0P35476d|;BDC2<DCE;%FX;Yu<D476<D4C2A=Jjz|;J'fkCEBAUTF7J;%GhL2fHeU47;B=6MF
vwC2<D4C2FqT9A=6MVCE;%FﬁL2fKC2FVC2F<D476xd|;BDC2<DC2\+6^è{#T%J'AUTFW<TF7Jﬁ6MGPzAUT%e6JﬁzfTP{FC2<oeMC2A=eMLE6OTA=;%{F7Jﬁ<D476^d;%C2F<
x = −0.5, y = 0 0354CEBwTADAUTFV+6MGI6MFW<;Y}<D476^z;KJ'CE6BZ4#T%Boz66MFdA=;\+6MFﬁ<=;ﬃz6xTOA=6MdA=6B=6MF<UT<DC2\+6OBUTG>
QW óxô^õ^¡¢©öø½úùD£CBP£ô^ö9û ^úï¢ü%¢xw¡¢Zúh\5ö9^j þú^ôxö$:Z£
0 0.2 0.4 0.6 0.8 1



























































































































































Σ ∝ r−1 Y°;%A;%{A9J'CEBD_qdA=;¿7LE6hBU66MGIBA=6T%B=;%F#TzLE6Û
6BDd|6eMC~TL2L2fne;%Ghd#TA=6Jk<=;h<D476PdA=;¿7LE6





























































































































































































































































































































































































0.076 ± 0.006 0ﬃxBxC2F
<D476xeT%B=6^;Y






































































































































































































































































































































































r ; r ≤ 0.2rmin
r0
0.2rmin




; 0.2rmin < r < 0.7rmin
r0
0.2rmin











































































MD = 2pi ·
∞∫
0
r · Σ(r). Úa'0R/+Ü
35476OV+6MF76MAUTLrBU;%L2{<DCE;%FkeTFq<D476MFqz|6vwADC2<D<=6MFqC2Fq<D476xY;%ADG



















































































































































































































































r1/r2 ≥ 0.5 <D476MA=6kCEBﬁ;%FL2fÞTÝ\+6MADf»BDGTL2LOTGI;%{FW<q;Y9GT%B=B
e;%FW<UTC2F76JîC2F·<D476;%{<=6MAA=6MVCE;%Fî;Yw<D476J'CEBD_XvwC2<D4
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;%ADzC2<vwC2<D4¨TF¨6ee6MFW<DADCEeMC2<f½;Y ≈ 1.4 0j35476ﬁJ;%<D<=6J·L2C2F76GTAD_'Bﬃ<D476<DC2GI6vw476MF·<D476¿7F#TLozC2F#TADf
Y;%ADGIB5YA=;%G<D476<DADC2dLE69BDf'BD<=6MGq0
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n two body disk collision in triple orbit






































































r1/r2 ≥ 0.5 TF7J
TﬁGﬃ{7e=4¨BD<DA=;%FV+6MAﬃ;%F76IY°;%A9\TL2{76B9z|6MLE;v90ﬁxBﬃTne;%F7BU6èW{76MF7e6;Y5<D4764C2V4ÝGT%B=Bﬃe;%F7e6MFW<DAUT<DCE;%F¨C2F
<D476C2FF76MAxJ'CEB=_qA=6MVCE;%F7BxY°;%A

































































r1/r2 k a1 [rmin] a2 [rmin] Mi M1 M2 r90%
Ú
rmin)
0.95 1.7± 0.1 0.064 ± 0.005 '021>'0R/ '0R/ '021b ["'0Rö 0.38
0.8 1.6± 0.1 0.076 ± 0.006 '021>'0R/ '0R/ '021 ["'0R'1a 0.49
0.6 1.7± 0.1 0.084 ± 0.005 '021>'0R/ '0R/ '021 ["'0R/ 0.52
0.5 1.7± 0.1 0.085 ± 0.008 '021>'0R/ '0R/ '021 ["'0R/ 0.52





























































































































































































































































































































































































































































































































































































































































































































































































































































































































Σ = Σ′ · Σ0k r0
rmin

























; 0.2 < r′ < 0.7
1























r′in = 1 · 10−3
TF7J





































































































































































































































































Σ1 = Σ0·1.7 T<
r = 1AU
Û



































































































































































































20 AU7 AU3 AU
èêéÅë





















































































































r1/r2 ≈ 0.95 Û
A=6B={L2<DC2FVnC2FXT
4#TLÀY>gvwCEJ'<D4X\%TL2{76
τ1 = 0.064 · 5AU = 0.32AU Û|vw4C2LE6Y°;%AO<D476ﬃæT<D<=6MA9dA=;¿7LE6 rmin = 2.3AU TF7J
r1/r2 = 0.2
ÛA=6B={L2<DC2FVIC2F
τ1 = 0.16 · 2.3AU = 0.368AU 0
SC2V70Na'0Rb<=;a'0Rb/hB=47;v)<D47696M\+;%L2{<DCE;%FH;Y<D476OBD{AyYgT%e6OJ6MF7BDC2<fY;%Aw<D476O<vu;IJ'CEBD_'B"T<
t = 2 · 104yr Û













Σ ∝ r−1.5 >gdA=;¿7LE6"Y;%Aoe;%F7BD<UTF<5<=6MGhd6MAUT<D{A=6J'CEBD_'B©vw4CEeU4ﬁCEBuBD<=66Md|6MA
<D4#TFn<D476
Σ ∝ r−1 >gdA=;¿7LE69;Y<D476C2FF76MAwd#TAD<;Y;%{A5C2FC2<DC~TLrJ'CEBD_dA=;¿7LE6B0:^B5vo6OeTFqB=66^YA=;%GìSC2V70
a'0Rb'1TF7J¨a'0Rb/'Û:TY<=6MATn<DC2GI6;YGI;%A=6I<D4#TF
2.5 · 105yr <D476IC2FF76MAd#TAD<ﬃ;Y";%{AﬃJ'CEB=_KBTA=6TL2A=6T%J'f
eMLE;B=6ﬃ<=;<D476ﬃBD<=66Md|6MA






































































































































































J'CEBD_'BvwC2<D4jTFHT%eeMA=6M<DCE;%FHAUT<=69L~TADV+6MAx<D4#TF ∼ 10−12M · yr−1 eTFiz6PCEJ6MFW<DCÀ¿#6J}Ú°[i{6MA=;%L2LE6h6M<^TLg02Û
/a+Ü0ý&6ÛK<D476MA=6Y°;%A=6Û'J6¿7F76^<D476^J'CEB=_hL2CÀY°6>g<DC2GI6T%B©<D476^<DC2GI6TY<=6MAuvw4CEe=4ﬁ<D476xT%eeMA=6M<DCE;%FﬁAUT<=6xJ'A=;%d7B







































≈ 1− 3Myr ÜoTdd|6TAu<=;z|6"\+6MADfLE;v)e;%Ghd#TA=6Jﬁ<=;P<D476;%z7B=6MAD\+6JnT%eeMA=6M<DCE;%FnAUT<=6B5;YtoA=;vwFn]xvoTAyY
J'CEBD_'BC2FH[k{6MA=;%L2LE66M<xTLg0Ú/b+Ü5vw4CEe=4&TA=6PGI;BD<DL2fkTz;\+6




1 · 10−11M · yr−1 TF7JF7;%F76xvwC2<D4 M˙ L~TADV+6MA
<D4#TF

























limit 1 10-12 M
solar yr
-1












































5 · 10−12M · yr−1 T%B©<D476xJ6M<=6eM<DCE;%FﬁL2C2GhC2<ñÜÛvw4C2LE6^<D476xJ'CEBD_YAUT%eM<DCE;%FC2F3T{AD{7BÛ'ym»bQW







5 · 10−12M · yr−1
J;vwF½<=;















M˙ > 5 · 10−12M · yr−1 Û









































































































































;%z7B=6MAD\+6JjJ'CEBD_'BOTA=6Û47;vu6M\+6MAÛrTL2A=6T%J'fjT<9TFjT%J'\TF7e6JXTV+6ﬁÚ ≈ 1Myr Ü0Oc^{AOJ'CEBD_'BÛ;%Fi<D476;%<D476MA
4#TF7J































































10 − 20K ÜTF7J
Û5<D476MA=6Y°;%A=6Û
J;%GhC2F#T<=6J¨zWfÝ<D476ﬁTGﬃzCE6MFW<hGI6J'C2{Gq0X354CEBGI6TF7BC2F¨;%{AeT%B=6nTkAUT%J'C2{7BL~TADV+6MA<D4#TF¨<fdCEeTL2L2f


















































































































































































































































































































1 · 10−11M · yr−1 T<"TFiTV+69;Y ≈ 1Myr 0





































































































































































































































































































































































































































































































































































τ1 ≈ 0.064rmin TF7J






























0.076 ± 0.006 0^BxC2Fj<D476eT%B=6;Y r1/r2 ≈ 0.95 Û










































































































































































































































a'0Rb/»^T%J'C~TL|l{AyYgT%e6"J6MF7B=C2<@fIdA=;¿7LE6B5T<oT<DC2GI6^;Y ≈ 5 ·105yr Ú°B=;%L2CEJL2C2F76Ü<=;%V+6M<D476MAovwC2<D4
<D476MC2A^C2FC2<DC~TLdA=;¿7LE6BÚ°J7T%BD476JkL2C2F76ÜÛ#dLE;%<D<=6JiB=6MGhCÀ>gLE;%VWTADC2<D4GhCEeTL2L2f+0xl47;vwFjTA=6P<D476
dA=;¿7LE6BwY;%A"ThJ'CEBD_vwC2<D4HTBD<=66MdqC2FC2<DC~TL}dA=;¿7LE6Ú
a1 = 0.064
ÜTF7J
rmin = 5AU
ÚT+ÜÛ
TF7JjThæT<D<=6MAdA=;¿7LE6ﬁÚ
a1 = 0.16
Ü"vwC2<D4
rmin = 2.3AU
ÚzÜ0x35476ﬃJ'CEBD_kTA=66M\+;%L2\+6J
T<OTF&TGﬃzCE6MFW<O<=6MGhd|6MAUT<D{A=6h;Y
Tamb = 20K
0O35476zL2{76B=;%L2CEJHL2C2F76ﬃA=6MdA=6B=6MFW<=BO<D476
d;vu6MAy>gL~Tv±dA=;¿7LE6^;Y<D476B=<=6T%J'f+ÛWe;%F7BD<UTF<©<=6MGhd|6MAUT<D{A=6"J'CEBD_hB=;%L2{<DCE;%F;Y}]ßð^LE6B=BDCE;
6M<TLg05Úy1+Ü0i35476d#TAUTGI6M<=6MA=Bvu6MA=6e=47;BU6MFî<D4#T<z|;%<D4·J'CEBD_'BP4#T\+6C2FC2<DC~TL2L2f&<D476
BUTGI6OGT%B=B0é0O090O090P0O090O090O09090O0P0O090O09090O090O0P0O09090O090O090P0O090O090O090¬Q
a'0Rbb»SAUT%eM<DCE;%F;Y}toA=;vwF]xvoTAyYrJ'CEBD_'B:vwC2<D4TOL2CÀY°6>g<DC2GI6"L~TV+6MA©<D4#TFTOVC2\+6MF\TL2{76ÛY;%AZ<@vo;
J'CÀà|6MA=6MF<hL2C2GhC2<DC2FVÝT%eeMA=6M<DCE;%F½AUT<=6BqÚT+Ü0&8TF76MLPÚzÜﬃBD47;vB<D476YAUT%eM<DCE;%Fﬀ;Y^toA=;vwF
]^v5TAyYJ'CEBD_'BZvwC2<D4nTFnT%eeMA=6M<DCE;%FAUT<=6^L~TADV+6MA5<D4#TFﬁT9VC2\+6MFﬁ\%TL2{76xT<5TP<DC2GI6^;Y
1Myr
0
?:F7e;%{FW<=6MA:;Y<D476"ßð6¯e=4#TFV+6ß<@fKd6xÚ°B=66ZB=6eM<DCE;%Fa'0R/+Ü|4#T\+6©z|66MFﬃT%B=BD{GI6JP<=;dA=;KJ'{7e6
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